e describe the functional results in 14 patients (7 men, 7 women) after subtotal scapulectomy for primary bone and soft-tissue tumours at a specialist musculoskeletal oncology unit. Eight had chondrosarcomas, two Ewing's sarcomas, one aggressive fibromatosis and three soft-tissue sarcomas. The mean follow-up was 52 months (6 to 120). Analysis of residual symptoms and of range and strength of movement by physicians used the Musculoskeletal Tumour Society rating scale (MSTS). Physical disability was measured by the patients using the Toronto Extremity Salvage Score (TESS).
The shoulder is the third most common site for tumours of bone and soft tissues. 1 The former occur in the proximal humerus, scapula and clavicle in decreasing order of frequency 2 and the latter most commonly in the deltoid or supraspinatus. Scapulectomy for tumour was originally described by Syme in 1894. 3 MRI and CT now allow the accurate assessment of the extent of the lesion, and the effective adjuvant use of irradiation and chemotherapy has extended the indications. Several studies have described the outcome of treatment and methods of reconstruction after scapulectomy 4, 5 but little attention has been paid to the functional outcome. 6, 7 After total scapulectomy, the function of the upper limb is severely impaired since the patient is left with a hanging shoulder and little rotational control. 8, 9 If, however, all or part of the glenohumeral joint is preserved, good function can be maintained. Kurer et al 7 examined postoperative function and correlated the type of resection with the restriction of postoperative movement. O'Connor et al 9 described three patients with subtotal scapulectomy who had an average score of 77 on the modified Musculoskeletal Tumour Society scale (MSTS). 10 The range of movement has been shown to have only low to moderate correlation with the activities of daily living 11 and evaluation of function is best based on the patients' perception of their own abilities. 12,13 Meenan 14 has also shown that the views of the clinician and the patient tend to differ as regards function.
We assessed the effect of subtotal scapulectomy on the function of the upper limb, as judged by the patient, in relation to bone and muscle resection and the method of reconstruction.
Patients and Methods
We reviewed the records of all patients who had had salvage procedures of the upper limb involving partial or total scapulectomy at the University Musculoskeletal Oncology Unit between 1989 and 1996. Those with a forequarter amputation, shoulder fusion, joint arthroplasty or who had received an allograft reconstruction were excluded, as were patients who had had total scapulectomy and proximal humeral resection as part of the Tikhoff-Linberg procedure. In all, 14 patients who had had subtotal scapulectomy for primary tumours of bone and soft tissue around the scapula were identified. The seven men and seven women had a mean age of 42 years (16 to 82) at operation.
The clinical records, including the pathological findings and imaging studies, were reviewed. Staging had been by plain radiographs, whole-body technetium bone scans, CT of the chest, CT or MRI of the scapular region and biopsy. The details of the patients, the surgical procedure performed, adjuvant therapy and the postoperative complications were recorded. After operation patients were reviewed at six weeks, three and six months and then at six-monthly intervals. The mean follow-up was 52 months (6 to 120). Two patients were lost to follow-up at 31 and 15 months after operation, one with evidence of local recurrence of disease; their results are included to their latest follow-up.
At review the residual symptoms were recorded, the range of movement noted, the strength in the shoulder assessed using the Medical Research Council grading scale 15 and the MSTS functional rating system 10 completed by one clinician. The MSTS allocates scores to pain, overall function, emotional acceptance, positioning of the hand, manual dexterity, and ability to lift, and reflects the clinician's perception of the patient's function. The score ranges from 0 to 100 with 100 representing normal function. Before surgery and at each subsequent review all patients completed a detailed assessment of upper limb function, the Toronto Extremity Salvage Score (TESS). This was developed for those having operations to preserve a limb affected with a tumour 16 and measures the difficulty experienced in performing routine daily activities. The score ranges from 0 to 100 with higher scores indicative of less disability.
Results
Clinical presentation. Of the 14 patients, eight had chondrosarcoma, in two arising from osteochondroma of the scapula, and two had Ewing's sarcoma (Figs 1 and 2; Table  I ). The four soft-tissue tumours requiring partial scapulectomy were two malignant fibrous histiocytomas, one liposarcoma and one case of multiply recurrent, aggressive fibromatosis. Five patients had had operations before referral to our specialist centre. One with a liposarcoma (case 4) and one with a chondrosarcoma (case 11) had had incomplete excision which required further resection. Two had had multiple resections for local recurrence; one patient with fibromatosis had had eight resections in eight years (case 1) and the other three resections for recurrent chondrosarcoma in five years (case 14). The fifth patient had a recurrence of a Ewing's sarcoma despite complete resection with negative margins six years earlier (case 7). The tumours involved both bone and soft tissue in all 14 patients. Twelve tumours were high grade and two were low grade. One high-grade tumour, a recurrent liposarcoma, presented with extension into the axillary nodes (case 4). Tumour excision and reconstruction. All 14 patients had a subtotal scapulectomy. Two patients (cases 1 and 3) had resections of the chest wall, one with a right upper lobectomy, as part of the en-bloc excision of the tumour. All procedures were rated as IIB, according to the classification of Malawar et al, 5 since all or part of the glenohumeral joint of the scapula was preserved in each case (Fig. 3) . Nine had 80% or more and five had 50% to 80% of the scapula resected (Table I) . We performed primary reconstruction of soft tissue in 11 patients. The remnants of the rotator cuff were brought together and reattached to the residual scapula. The serratus anterior was tightened and attached to the remains of the rhomboids and the latissimus dorsi. The posterior deltoid was sutured to the acromion and trapezius so that the remaining scapula was completely covered and stabilised within a muscular envelope.
The remaining three patients (cases 4, 10, 14) were left with major defects of muscle and skin and had soft-tissue reconstruction using latissimus dorsi and pectoralis major muscle flaps (Table I) .
The surgical margins of resection were grossly clear of tumour in all patients. Microscopic examination of the resected specimens, however, showed positive margins in two. One had further surgery (case 2, margins were revised intraoperatively) and the other (case 6) had postoperative radiotherapy. Adjuvant therapy. Three patients (cases 4, 7 and 13) received chemotherapy. Both patients with Ewing's sarcoma were treated both before and after operation. The other patient (case 4) had a liposarcoma which had metastasised to the axillary lymph nodes.
Five patients were treated by irradiation including all three with a soft-tissue sarcoma. The patient with multiply recurrent liposarcoma (case 4) had external-beam irradiation (50 Gy) as well as brachytherapy. The patient with aggressive fibromatosis (case 1) had received irradiation for management of a local recurrence approximately ten years before referral to our centre and was therefore managed by operation alone. One patient (case 6) with a low-grade chondrosarcoma was found to have microscopically positive margins when reviewed histologically and was therefore given postoperative radiotherapy (64 cGy). Complications. One wound infection requiring surgical debridement occurred in a patient (case 4) who had previously undergone surgery, external-beam irradiation and subsequent brachytherapy. The patient with multiply recurrent fibromatosis treated by surgery and radiotherapy developed brachial neuropathy (case 1). Extensive involvement of the brachial structures with disease was evident in both cases at re-exploration. Plain radiograph showing the residual acromion and coracoid process after 80% excision of the distal scapula.
Oncological outcome. At an average follow-up of 52 months (6 to 120), all patients were alive, although two had systemic disease with local recurrence. One (case 4) with recurrent liposarcoma had involvement of the axillary nodes one year after partial scapulectomy. Further excision was undertaken with dissection of the brachial plexus, capsular repair of the glenohumeral joint and soft-tissue reconstruction using a second vascularised muscle flap. This patient has progressive systemic disease five years after this procedure with a painful brachial neuritis. The second patient (case 7) had presented with local recurrence of a Ewing's sarcoma which subsequently recurred in the surgical scar. Local re-excision was successful but metastases have since developed. Functional outcome. Five patients complained of pain after surgery, including the two with brachial neuritis. The other three had minor symptoms with one requiring analgesia and the remaining two complaining of discomfort when lying on the shoulder. Eight patients (cases 2, 6 to 9 and 11 to 13) had full elevation of the shoulder and another two (cases 10 and 14) achieved 90° of flexion. Of the remaining four patients, three (cases 1, 3 and 5) had 60° of flexion while one (case 4) with a brachial plexus neuropathy had minimal active movement. Eleven patients had full movement and strength in the elbow and 12 had a normal hand. Deficiency of the elbow and hand occurred in the patients with involvement of the brachial plexus. The mean functional score as rated by the clinician on the MSTS 10 was 71.6 (10 to 100) with deficits noted in positioning of the hand in six of the 14 patients. The patient's own assessment of disability as measured by the TESS had a mean score of 79.9 (17 to 100). Two patients (cases 4 and 5), one with brachial plexus neuropathy (case 4), had very low scores on both the MSTS and TESS (Table  II) . The patient with aggressive fibromatosis (case 1), who had experienced multiple recurrences and operations, scored 50 and 62 on the MSTS and TESS respectively (Table II) . Twelve patients returned to the same level of activity or 1  3  2  5  0  5  0  5 0  6 2  2  5  3  5  5  5  0  7 7  8 7  3  5  3  5  0  5  0  6 0  9 5  4  0  0  0  0  3  0  1 0  1 7  5  0  1  1  0  5  0  2 3  3 5  6  5  5  5  5  5  5  100  98  7  5  4  5  5  5  4  8 0  9 0  8  5  3  4  5  5  3  8 3  8 2  9  5  5  5  5  5  5  100  100  10  1  3  5  3  5  1  60  NA*  11  5  4  5  5  5  4  9 3  9 6  12  4  4  5  5  5  4  9 0  9 5  13  5  5  5  5  5  4  9 6  9 5  14  5  3  5  3  5  3  8 0  8 7 * patient does not speak or read English and was unable to complete the questionnaire occupation after operation. Three heavy manual workers reported no restrictions with work. One, with 90% resection of the scapula, was able to return to competitive volleyball (Fig. 4) . As long as the glenohumeral joint is preserved, the amount of the remaining scapula removed does not appear to affect the functional outcome. The nine patients with 80% or more of the scapula excised had a mean TESS score of 72 (± 28.6).
Discussion
After total scapulectomy the function of the upper limb is severely impaired, but good use can be maintained when all or part of the glenohumeral joint is preserved. Subtotal scapulectomy is preferable to ablation of the joint if it can be achieved with good surgical margins.
The most significant functional deficits noted in our series were in three patients (cases 1, 4 and 5) who had 80% or more of the scapula excised, but they also had multiple local recurrences or significant complications such as brachial neuropathy.
Although subtotal resection of the scapula may result in reduced shoulder flexion and overhead strength, most of our patients reported minimal disability in day-to-day activities. Most activities involving the arm occur in the forward plane just above waist level so that the effect of impairment of overhead use is small. Often, the other arm can help to compensate.
The scapula can be considered as a sophisticated sesamoid bone, and good shoulder function is possible when the soft-tissue envelope can be reconstructed. If the joint capsule must be resected with the tumour, a fascial graft may be used to close and reinforce the defect. In three of our patients muscle flaps were used to provide a vascularised bed over the exposed bone and joint which was suitable for split-thickness skin grafting. Two patients who had latissimus dorsi flaps had excellent functional results with nearly full movement and no pain. The patient who had a pectoralis major flap after scapulectomy for recurrent liposarcoma had a poor functional result because of brachial neuritis.
The rotator cuff can be excised completely; if all or part of the deltoid is preserved and reattached to trapezius and the glenoid remnant, a nearly full range of abduction, flexion and forward elevation can be achieved. The rotator cuff stabilises and centres the glenohumeral joint; careful repair and reinforcement of the cuff to the scapular remnant can maintain glenohumeral stabilisation.
The deltoid can be excised with no significant loss of motion. Markhede et al 6 showed only a modest functional deficit and no limitation in passive movement in five patients who had either complete removal of the deltoid or complete denervation after resection of a soft-tissue tumour. This can be explained by either compensatory hypertrophy of the remaining rotator cuff, biceps and pectoralis major, or by the remaining muscles contributing increased force after defunctioning of the prime mover of the joint, the deltoid. Kurer et al 7 also described good to excellent function after scapulectomy with preservation of the joint. Supraspinous resection provided a reduction in flexion and abduction and an infraspinous resection reduced external rotation. After total scapulectomy there is considerable limitation of movement. Subtotal scapulectomy gives an excellent functional result if all or part of the glenohumeral joint can be preserved. In our series resection of 80% of the scapula had only a modest effect on function. The rotator cuff could be excised without significant functional deficit provided that the deltoid was reattached to the scapular remnant and to the trapezius.
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